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(57) Abstrect 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or moe coils, ribs, a ribbon-like stnictuir. a slotted tube, or a filter-litce mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel well to partially or completely occhide the vessel. A 
perforated membrane may be used to pemiit the perfusion of blood. The expansion member may be self-«xpanding. or it may be expanded 
by engaging it with one of (he elongate members. Alternatively, the expansion member may be expanded by heating it 
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PCr/US99/03544 

OCCLUSIOMOF AVESSEL 

Backararnidiif th»|iniB^tfaii, 

Fi«M of thn Inwntian 

Tl« pnsBnt inveotion relates cenereily to the occlusion of . vassal whMn e patient, and more spedfieally. 
to an apparatus and method of paniaBy or completely ocdudinp a vessel. 
Daserintinn iif the Rebteri ^rt 

Attempts heretofore have been made to treat occlusions in the carotid arteries leading to the bran. 
Howew. wcti arteries have been very difficult to treat because of the possUiity of dislodging plaque which can 
enter various arterial vessels of the brain and cause pemianent brain damage. Attempts to treat such occlusions 
with balloon angieplesty he»e been vanr limited because of such dangers. In surgical treatments, such as 
emiertereetomy. the carotid artery is slit and pleque is removed from the vessel in the slit area. Such surgical 
procedures have substantial risk associated vvith tham which can lead to morbidily and mortality. 

In other procedwes. such as in angioplasty ami h the treatment of peripheral arteries end veins, there is 
the possibililY that the guide wires and catheters used in such procedures during deployment of the same may cause 
distodgmant of debris or emboli which can flow downstream and causa serious damage, such as stroke, if they 
oeekida blood flow in smaller vessels. Tlnis. in summary, embobation and migration of mtcro^boG downstream 
to en end oigan is a major concern of cardiologists during cathetariiations. 

Thnre b therefore need for new end improved apparatus and methods which make it possible to traet 
occfcHted vessels without endangering the patieat. 

Summary of tho lnii«n^|nB 

The present invention satisfies the need for a device that occludes a vessel, in particular, a vessel m a 
patient undergoing therapeutic or other medical ueatmem. Any one of a mmdier of different eipsnsion members 
amMned to one or more elongate members such as hypotufaes to form a device that completely or partially occludes 
e vessel whhin a patwnt. The expansion member may be self-eipanding, it may be expanded by engaging it with 
one of the elongate members, or it may be heated to cause it to expand. A membrane preferebly surrounds the 
expansion member so that a seal is made between the membrane end the vessel The perfusian of bbod is allowed 
H the membrane is perferetel Pertiel ecckisien may be obtained without a membrane H a suitable expanston 
member b chosen. In general, ki one aspect of the present inventniv there is provided an apperatos and metiiod 
Ihtt can be used with approved diagnostie ami therapautk: devices to reduce the chance of emboli migrating 
downstream. Alternathrelv. the expansnn member mey enchor an tntravesaibr device within a vessel 

One embadknem of the present mvention is e device for eccbdmg a vascufar segment ei which tin devne 
mcUdes en npensnm member end first end second elongate members. The fkst elongete member engages the 
expansnn member, and the second ehingate member surrounds the first elongate member, witft the expension menter 
expanding to occlude the vascular segment when one of the elongete members is moved hnghudineRy. The 
expansion member preferably nickides a brail, a coil, a ribbon-fka structure, a skitted ttibe, a plurality of ribs or a 
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> m«h. The dnnce noy eta, mxariai that ,rf|oiM the oxpjmcon mamber for creating a partial 
totfil seat with the vescular segmsnt. 

In ona particular ambodan,m. the ^mm memHar b « an «n«<panded atate whan h i, surrounded fay 
tha sacnd alongato membar. but .,p^s the fir« ^ mortar b pushed threugb tha second elongate 
mnnber. In another a«*odin,ent. both tha first and second elonB«e m«rter, are secured to the expansion mamtar. 
and the expansion member expands as the first alongata mamfaer is retracted. 

Another embodimsnt of the cnvontion is a method of occludino a segnsnt «,ithii. » vessel which inekides 
the step of &«artinB «rst and second elongate ««™b«,3 into the rnsel to bo ocdoded (in »hich the first elangete 
rnamber adjoin, », expansion f„Do««, by the step of .arying the position of at bost one of the elonfltte 

m-mbers so that the expansion member expands umO the Basset is completely or partially occluded In one 
embodbnent, the vanring step incWas ««ract«B one of the olongate members, and in another embodiment the 
v.ry«B step cooprises pushing one of the elongate members through the oths elongate member. In yetenother 
method of occfaidino a segment «rithin a vessel an expansion member is Inserted whh&, the vessel and the expansion 
member is heated to cause It to «.p,«| uma the vessel is et least partially occluded. Heating the expansion member 
may mvolve, for exampk. passing alaeirieal eunent through it or passmg warm soliitmn over or near it. 

Brief DesermtBMi the DraMrfng a 
FIG. 1 is a side^vatmnal view m section of ona embodhnent of a catheter apparatus incorporating tha 
present invention for treating occbfded vessels. 

FIG. 2 is a side-eiavatlemil view m aeetion simiar to FIG. 1 but showmg the apparatus in FIG. 1 «»ith the 
expansion member (in this cese, a self-expandable seal) deployed. 

FIG. 3 is a sidMlevationd view in section of another embodonant of a catheter epparatus incorporating 
tha present invention for treating occluded vessels. 

FIG. 4 is a view shiilar to FIG. 3 but showing the expansien member (in tfus case, s self-expandable seaO 

deployed. 

flfi. 5 B a schematic, longitudaial cross sectional v»w of an embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

PIGS. 6A ami 6B show end views of onperforated and perforatid membranes. lespactively. 

m. 7 is B Kheroatic, longitudinal cross sectional view of en embodimsnt in which a braid without a 
mambrane is used. 

FIG. 8 is a schematic, longitudinel cross sectional view of an embodiment in which a filter-like mesh is used 
as the expansion member. 

PIG. 8 b a schematic, longitudinal cross sectional view of an embodimsnt in which a slotted tube b used 
es the oxpansion member. 

FIG. 10 is a perspecthre vuw of the slotted tube used in the embodiment of FIG. 9. 
FIG. 1 lis a schematic, longitudinal cross sectional view of an embodiment in which a cofl is used as the 
expansion member, and the proximai end of a mambrane surroundinB tha ceS adjoms the coiL 
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FIG. 12 is a sdionatic. longitudinal cross ntetional vhw of an •mbodiment m which a eoO is usad ai the 
expan,i,». member, and the pr.nmal end of a n»nbrane surroundino tha coil adjoint a shaath that «.rroands both 
first anii second elongate members. 

FIG. 12A is an embodimimt similar to that shown in FIG. 12. in which resistive heating is used to aipand 
the aipansion member, with current being conducted through wires baing attached to either side of the aipansion 
member. The expansion member as shown is partialy deployed. 

FIB. 12B is an embodiment similar to that shown in FIG. 12A, in which resistive heating is used to eipand 
tha expansionmenber. with current being conducted througha wire being attached to the distal end of the expansion 
member and through a coating on the first elongate member. The expansion member as shown is partially deployed. 

FIG. 13 B B schematic, side cross secihinal view of an embodiment in which a plurality of ribbons are used 
as the expansion member. 

FIG. 13A is e» embodiment sinalar to that shown in FIB. 13. in which a warm solution passes between 
the first end second etongata members to trensfer heet to the expansion member, causing it to expand. The 
expansion member as shown is partially depkiyed. 

FIB. 13B it an embodinent siniar to that thown in FIG. ISA. in which a wariii solution passes through 
the first slonBste member to transfer heat to the expansion member, causing it to expand. The expansion member 
as shown is partially deployed. 

FIG. 13C is an embodimem similar to that shown in FIBS. 13A and 13B. in which a warm sokition passes 
through one or more lumens in tha first elongate member to trensfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic side cross sectional view of an embodiment in which a phirality of rbs are used 
as the expansion member. 

FIG. 15 is an isometric view oi an embodiment of the invention in which a puU wire is used to deptoy a 
plurafity of non-seif-expanding ribbons surrounded by a membrane. 

FIB. 16 is a side partial sectional view of the embodimem of FIG. 15 in which the ribbons are in their 
relaxed, endeployed position. 

FIG. 17 is a side etavational view of the embodimem of FIG. 15 in which the ribbons are deployed, and the 
membrano makes a seal with the vessel 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of a hicking mechanism used 
wMi a wire that daploys an expansion member. 

FIB. 19 is a perspective view of an aftemathre bcking mechanism used wHh a wire that deploys an 
expansion mamlier. 

FIGS. 20A, 20B, 20C, emi 200 show, respectively, a braid, a fdter like mesh, a slotted tube, and a phirality 
of coik. which can be used as alternative expansion members in place of the ribbons in the embodenem of HG. 15. 
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Datoihd Descnntion of thii Prrfyf red EmhiidiniHii^* 
The Qipan»n nonbers diseo»ed herein include bratde, cofls, r3»^ ribboovihe «nictiin«. dotted tubes, end 
later^ibe nmhas. Those Mpan^ien namhers may be partBDy covaed er conqtotel, surrounded by a membrami or 
Dthsr cover&iB to provide oeetusion or seaimg of the vessel As us«l hondn. 'ecetaion- or -seaRno". and the liite 
maan partial or compbte blocbage of fluid flow in a vascular seBmant. as It Is sonMiflHs prefembl. to aHow 
perfusion. Moreover, such espansion mambers my be deployed by vahoos mechanieal means, electrical n»ens or 
thQrmon«chanic8l means, etc, as descr»>ed herein. Espansion msmbars that are deployed mechenicly are preferably 
"spring-like" in nature, i.B. they are proferabV resilient to facilitate their deployment or retraction. 
Catheter Aoparatusaa stri S etf-EMandinn RraM^ 

One embodimsm of a eathsti? apparatus ineorporatine the present invention for treating oechided vessels 
is shown in Figures I and 2. As ^wn therein, the catheter opperetus 651 consists of a flexibl. elongate member 
652 which is provided with prexonal and distal estremitns 653 and 854. A conventional adapter 656 is mounted 
on the proximal eitremity and is provided with . TouhyBorst fitting 657 which is in communication with a large 
central bman 658 estending from the proximal eitremity 653 to the distal extremity 654. An aspiration fhting 661 
is provided on the adapter 656 es weO as an irrigation fitting 662. both of which arB h. communication with the 
central lumen 658. However, it should be eppredated that if desired, separate bimans can be provided In the flexible 
ehmgate member 652 for both of the fittings 661 end 662. 

Self-expanding sealing metiianism 666 is mounted en the distal extremity 654. ThiTseH Txpandmg seeling 
mdmam 666 can take any suitable form. For examplB, as shorn it esn consist of a braided structure 667 f omied 
of e suitable shape memory meterisi such os a nichel titanium alby that wi attempt to expand to a predaterminod 
shape mumory. Other than shape memory materials, other materUs such as stainless steel, Elgitoy« titanium or 
other materials can be utilized in the breid 667 as long as they have the capability of expending when the self- 
expsndmi) seal mechanism is released. Abo it should be appreciated that the self-expamiing seel meehenism 666 
can be comprised of en absorbent material which when it abserbs saEne or Mood expands to form a seal Such 
seals can be readily accompUshed because it is only necessary to iomi a seal of approxinutely 1.5 psi to prevent 
snail particles frosm moving downstream. 

hi order to prevent abrasion of a vessel, it is desirable to cover the biatded structure 667 with e covemig 
668 of a suitable material such as a polymer or a biocompatibie coating which extends over the braided structure 
867 and which moves with the braided striicture 667 as it expands and cootrects. The polymer can be of a suitable 
meterlal such as sieona, C-fbx, polyethylene or PET which wouM form a good sealing engagement with the wall 
of the artery. Tha covering 668 may be perforeted to allow perfusion. 

A mechanism is provided for compressmg the self-axpandinB saafing msehanism 666 so that the apparatus 
can be inserted into the vessel 481 and consists of an elongate sleeve 771 having proximal end distal extremities 
772 oral 773 and a bore 774 extending from the proximal extremity 772 to the distal extromity 773. A colter 776 
is mounted on the proximel extremity 772 of the steeve 771 and is posiiionEd near the adapter 656. The ceUar 776 
serves as a mechanism for retracting the sleove as shown in Figure 2 to uncover the seH expanding sealing 
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™d«„»„, 666 aher the catheter h« been deployed to panrtt the ,elf.„p.„dinB nafing mechanism 666 to «^ 
and fonn a seal with the arterial vessel adjacant the stenosis to be treated. 

Another e„*odimen, of a cathater .pparat«s for treatinQ octhrded veneb ine.n..ratinB th. pru«,t 
nvention is shown in Rgures 3 and 4. As shown therein, the apparatus 781 consist, of . guiding catheter 782 
having fnnnal and distal e«ren«ies 783 and 784. As shown, the distal eitraadty 784 is provided ««ith e pre- 
fanned bend of a conventional type. A conventional attachn«,t 786 is mounted on the proximal extremity 783 
Sdf^panding seal mechanisn. 79 1 i, mounted «. th. distal exlr«nity 784 and b of the type hereinbefore descrl,ed 
m connection with the embodiment, shown in Figures 1 and 2. A sleeve 798 sMIar to the sleeve 771 of the 
pieviou, embodenent is provided I, the p«s«rt embodiment for encasing the seif-expanding «,,! mechamsm 791 and 
for ndeesing the same after it has been disposed in an eppropriate position within a vessel adjacent the occlusion 
to be treated. Thus, a shH»e 796 is provided having proiimai and distal extremities 797 and 798 and having a bore 
799 extending from th. proximal extremity to the distal extremity which is siied so that it can rece»e the guide 
crtbeter JBZ It is provided with « color 801 on it, proximal .xtr««ty which is «lapt«l to be disposed outside 
the petient and which i, adapted to be grasped by the physician for pulling the de«re 796 preximaly to uncover 
the self-expanding seal 791 aft« the app.r»u, ha, been deployed to pemft the ,alf«tpan«on of the sealing 
mechanism 791 to form a seal with the vessel weO as shown h Figure 4. 

hi accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the snamfaiy 781 can be introduced 
into the femoral artery and the distal extremhy advanced into the desired location in the erterial veswi. After it 
ha, been properly positioned, the physician can retract the sleeve 796 to permit the self-expanding seal mechanism 
791 to expand and to form a sea! with the wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide a working space distal of the occlusion fomted. This prevents smafl 
particles which may thereaft« be dislodged from moving downstream. Since a central lumen is evailable, the 
therapeutic procedure, hereinbefore described can be employed with the cathater apparatus shown in F«ures 1. 2. 
3 and 4. 

Ahhough the seff-expamTniD seaSng mechanism 666 (791) can be deployed by retracting the sleeve 771 
(798) a, pravioudy dewribsd. the sealing mechanism can abo be deployed by pushing the f iexiib elongate member 
852 (guiding catheter 7821 through the aleave so that the seafing mechanism can exparal. TWs may be the preferred 
way of deploying the seeling maehamsm 666 (7911, if there b ittie clearanca between the apparatus 651 <781) and 
the vesnl within which the apparatus resides, to reduce the rbk of damaging the patient', vessel. As dbcussed 
below in comiection with subsequent figures, the seeing mechanism 686 (791) may altematively comprise members 
«ich as a coil e ribbon-like structure, a slotted tubei or a filter-Gke mash. In each case, the sealing mechanbm 
expands to partUlly or completely occlude the vessel in question, or altematwely, to anchor an intravascular device 
to the vessel 
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jjtmim Setf-Egaanilifw MemWy 

Anotoambodimsnt using e broaodstiuctureB shown jchemaftally in FIB. S. hwiiDdia flenbb doitgote 
Bt3«*er 20 fe dfeposBd «ithin a eacond atoq^a mrnnber 24 »ch » 8 hypBtufae. A sdf eHp«Hiing maehanism 28 
such as a braided simctura is sacurad ta Jha distal end af tho stongat. n»nfaar 20. prafoabty «|,hi« on indantation 
32 of nwrnbsf 20. The braided structura 28 is only partBll^ encopsutotod by a prefoablr •UJtomsric manbrana 
36 that makas a seal ««th the patient's vassal 40. {/Utaraotively, a coating such as a palymaric coating may b. 
mi in placa of the mmiranas disclasad herain.! In this end the other anbodimants, adhesiva may ba i«ad to 
weure tha satf-aHpandiog maehaniam 28 and the n»nihrane 36 to the abngata mamher 20. In the embodimant of 
FIB. 5. tha braidad stiuetura 28 and n^nbrana 36 are dasigned to ba asymmatrical. with mora material being 
concwtratad at the proximal sida of the structura 28. Tha braids of tha embodiments disclosed herein may b« 
stdnlass naal 304 or 400. suparriastic or heat activated Mitinol en iron base shape memory aBoy. or a pohrmar 
base, such as polyethytana or polypropylane. They may b. eonstroctad. for example, by using standard equipmant 
such as a braider. 

Although tha ambodimant of RG. 5 shows tha ftoibia atoagata member 20 eomiectad to a ou-dewiro t^ 
44, other teehnolooias for gutdinB tha device through the petfanf s vassal 40 may be used in this and tha other 
ambodimants. such as a guidevnra (either over the wire or shgla operator) or tha exchange catheter method, as b 
«e[J l(no,«n in the art. Also, although not explicitly shown in tha eunbedimsnt of FIG. 5 ami the other nnbodimantt 
heroin, these embodimaots may include lumaiis. aspiration and irrigotion fittings, and collars Bee those Bhistrated in 
FIGS. 14. 

The membrene 36 is preferably in^ervious to the flow of blood (RG. 8a) for those appfieations not requiring 
perfusion, ahhough a prorated membrane 36- {FIG. 6b) bevtng mimarous holes 37 therein may be used in ether 
app^tions to allow tha passage of biood. The botes 37 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the pas»ge of bbod cells (nominally 8-10 microns in 
diameter) through tha membrone 36' while biocbing targer partcnibtBs such as emboli likewise, a perforated 
membrane 36' may be used In the other embodiments disclosed herein. Antithrombogenic coatings can be used (ejj., 
heparin) to pravant thrombosis fomation. 

HG. 7 shows an embedintsnt in wMch a braided stnicture SO u not enclosed by a membrane. When the 
braided structure SO comprises, for exampto. a diamond mesh pattern in which adjacent wires are separated by about 
1(W0 microns, the braUed stnicture pamtits the passage of led bbiod eeBs, wrtde blocking the flow of matter that 
may be undesirable. e.g, emboli or other partieuiates that may be fomod or dislodged during medical procedures. 
Thus, this embodiment is wall suited for applcations for which perfusion is required. 

AhemathfB self-axpamiinB media are shown in FIGS. 8 ami 9. In HGS. 8 and 9. a self-expanding filter-fike 
mesh 60 «nd a self-axpandinB stotted tube 7Z respecthfely. are surrounded by a membrane 62 that » preferably 
elastomeric. The filt.^#B mesh 60 (or slotted tube 72) and membrane 62 are bomlad or otherwise secured to a 
f lexibla eionoate member 64. B.g.. to an indentation theren. As with the other setf-axpamling msdia disclosed herein, 
the fSter-iike mesh 60 (or slotted tube 72) expands from its unoxpamled state when the flexible elongate member 
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64 k pushed through a second elongate member 66. or ahernathrely. when the mend etongat. men.ber 66 is 
retracted over the first elongate member 64. The filter^ke mesh 60 (or slotted tube 72) then upends so that the 
moml«ane 62 fonns a seal with the «,rro«odinB vessel 68. A guidewire tp 70 eids » guidng the device through 
the vassal 68. The fiher-like mesh 60 and slotled tube 72 era .1 a suitable shape memory nateiial such as Nitinol 
or 004 or 400) stainless steel. The fiher-like mesh 60 b fibrous in nature, being s«««»h,t analogous to neel wool. 
The ebtted tube 72 has a lettice^ke appearance. The slotted tube 72 may be constructed, for example, by 
irradiatino a thin-waled tube whh a laser beam to form hole, in the tube in the shop, of polyoons such es obiong 
quadribterals. An unexpandad, siMted tube 74 is shown in FIG. 10. 

FIG. 11 llostratas another embodiment In which a coO 80 serves as the seif-eipanding mechanism. The 
coil 80 may he integrally fomied with a Trst elongate member 82 or be otherwise specially joined to it. e.g, by 
wriding or brning the cofl to the elongate member 82. The col 80 is surrounded by e mambrane 84 that expands 
whh the coil when it is pushed out of a second elongate member 86. or ehematively. when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms e seal with the surrounding vessel 90. The 
nwnbrene 84 may be attached directly to the first elongate member 82, or to a member 88 such as a disk that is 
in turn secured to the eeB 80 or the fust elongate m«nber 82. A guidewir. tgi 92 for guiding the device through 
the vessel 90 may be snached to the first elongate member 82 or to the mendier 88. if one is used. 

An embodiment simflar to that shown in FIB. 11 is fflustrated in HG. 12, h which the membrane 84 is 
secorei at the proximal end to a separate sheeth 94. in this case, the sheath 84 end the first elongate member 
82 are extended together over and through, respecthrely, the secomi elongete member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate member 88. 

Another embodiment thet employs e self-expanding medwm is shown in FIG. 13, in which a phiraltty of 
ribbons 100 make contact with a membrane 102 while they expand to urge the membrane towards the well of the 
vessel 104 where it makes a seal. The ribbons 100 of this embodiment are preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The riibons may be 0.001-0.004" 
X 1005-0.020- X 0.25-1.0- strips of Nitinol. stainless steel or Elgitoy™ which expand when urged cut of the second 
elongate member 108. A guUewire tip 110 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first ebngate member 106. 

FIG. 14 ilustratas an embodiment similar to the one in FIB. 13, in whch ribs 120 such as wees form a 
series of semicircular arcs when they expand. The ribs 120 are surrounded by a membrami 122 that expands with 
the ribs to form a seal with the vessel 124. The mimber of rbs 120 is preferably at least three. Tim ribs 120 ere 
preferably ettached directly to a first elongate member 124 that is surrounded liy a second ekingate member 126. 
The libt 120 themsehres are preferably made of e shepe mamary material such as Nitinol or stamless steel A 
guidewire tip 128 aids in guiding the device through the vessel 130, 

As in the other self-expending embodiments, the seH-expanding mechanism 100 (120) is in an unexpanded 
state when enclosed by the second elongate member 108 (1261 and expands when pushed or pulled beyomi the 
second elongate member 108 (1261 
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1 ttot acttvatsd amborimmmfl 

FIGS. 12A mi t2B aiummo h.«, otertKcel means can be »«i to omcrot. h<»t t. expami an expansioh 
member. A first elonflata mBmbe, 82' (and e eoH BC whch adjoins It coO 80' and na^iber 82* being similar t. t>»i, 
unpnmed ecunt«pam) is preferelriv made of heat activated Witinol an i,.n base shape n«n»,y allov. or anothar 
matenal thai eKpands when exposed to heat. As 8ho««, b FIG. 12A. low profile, low resiathfty electrical lines 81 
and 83 prrterably pass either through or donB the second dongate mmber 86 and are attached (-.g., solde«d) t. 
the first ehmoat. member 82' on either side of the coil 80'. When currant is appHnd .hroogh the electrical fines 81 
and 83 (th. p.«,.r supply Is net shown but is pref embly outside the patient), the coil 80' heats up through resistive 
hettmg. and th. coil aapands to urge the m«nbrems 84 to contact the vessel wall 90. Alt^natively. as shown «, 
FIG. 128. th. first ^ongat. mambar 82" n»v hew a coating 85 of gold or s8v.r. In this embody, the coatad 
.tongate mambar 82' is used to pass rarrem (with mast of th. currant preferably being carried by the coating 85 
so that most of the energy i, deposited in the col 80% with the drcuft being completed with a tow resisthrity wire 
87 that IS praferaUy connected {e^,., «,idarod) to «th.r the second dongate member 86 or tba sheeth 84 This 

Prindpl. of resisthr. heating to «cpandaoKpa«sion member can be appSad to the ot^^ 
as wait. 

HGS. 13A, 13B,and ilhisirate how heat transfer using a 6jaid can deploy an expansto^ The 
ribbonslOO' are prrierablynade of heat activated MhiBoLaokonhas.sh.p.mamorv.«ov.7r^^^^ 
eipands ,vhan exposed to heat In the embodin«nt of FIG. 13A. a »«.m. safes solutionlO? is passed between the 
first and second elongate members 106 and 108 and than ovQr the mambrami 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat u^ they expand, thereby urgmg the mambran. 102 against th. msel 
won 104. As Ohistroted in RG. 13B. the »arm saSne solution 107 nay also be passed through the first elongote 
m«nbar 106 and then through holes 109 in member 106 so that the saline solution 107 more directly transfers heat 
to th. ribbons 100'. In this embodimant. one or more hobs 1 1 1 in the membrane 102 (distal to vvbere the seal with 
tho vesaai wall 104 is mode) may be used to albw th» salino solution 107 to flow sway beyond the rSibons IOC 
aftw heat transfer to th. ribbons occurs. Aa Shistrated in FIG. 13C. the soine soktion 107 may also be passed 
through on. or monictos«l loop eoBa or himens 113 within the first etongate member 106. b, this way. the ribbons 
100' and the patient's Uaod are mit exposed directly t. any sobitioo. Using heat transfer can also be appSed to 
the other embodimants disclosed herein, prmndod the axpansnn member is suitebly constructed. 
Zt BtechanieaBy dB otoyed Btimih^ 

Othw non-salf-axpandinB nalinB mechanisms that can be used for ocdoding . vessd we described below. 
In the mMlmnt of FIGS. 15-17. a first atongeta member 140. preferably a pull wire, is (when th. dmric. i, 
completely assembled) attached to a brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 158 that mend 
between the two ring members. Surroomling the ribbons 158 s a membrane 160 that fomis a seal with the 
patient's vessel 182 when the ribbons are expanded. The msmbrona 160 is joimui to at toast one and preferably 
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b.th of .he ring member, 148 and 152. The m«nbr«,. 160 e«, b. to ..ly ,f ,h. ring „^n ,49 
and 152. for ««npie. when the m-nhan. 160 e,t«.d, far enm.ph h the lengftadinal direction to permit the 
membrane to malce a good seal with the nuel 162 whan the ribbora 156 are deployed. 

To e,»mblB the davice, ,ha first and second ring members 148 end 152. the ribbons 156. end the 
n-mbr.no 160 are ph>ced a mt eround . second elongate mentor 166. which has a p«r of oppositelv faehg 
hoUs 170 end 172. The brace member 144 is inserted thraogh the holes 170 and 172 and secured to both the 
pull wire 140 and the first ring member 148. further, the «,cond ring member 152 I, secured to the second 
etongate member 166. This assembled configuration, with the ribbons ISO in their longitudinal orientation, is 
iHostrated in FIG. 16. As aiusirated in FIG. 17. when the pull w,re 140 is retracted, the ribbons 156 (shown in 

phantom) and the m«nbrane 160 that surrounds themare urged towards the msel 162. where the m^^^^^ 
a ».al with the wes«d. The ribbons 160 are preferably resifient enough so that th,y return to their longitudinal 
onentation when the pull wire 140 is released. The elasticity and resience of the puH wire 140 also helps the 
ribbons 156 return to their undeployed configurotion. A guitawir. tip 171 may be u»d to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred wey of retracting the puU wire 140 is shewn In FIGS. 18A and 16B. FIG. 18A shows the pull 
wire 140. which is attachmi to the braea member 144. A rotatabla handle 180 is attached to a locking mento 
184 which in turn is fastened to the pul wire 140. When the lockng member 184 clears the second donpata 
n-mber 166 within which it resides (which is preferably outside the patient), the lockim member and rotatable 
handle 180 may be oriemed as illustrated in FIG. 18B to keep the pul wire 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nitiiol 
and may have a diameter of 0.006-0.008 inches, for a catheter having an O.D. of 0.014". for example. 

An ahernathre to the deployment apparatus illustrated in FIBS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the puH wire 140. thereby deploying the sealing 
mathenism. Once extended, the seeing mechanism preferably has the tendency to return to Hs undeployed position, 
which h the process puKs the puB wire 140 back hto the second elongate member 186. This can be prevented by 
imerlino a spacer member 194 between the bendle member 190 and the second elongate member 166. After the 
medical procedure is comptato. and ocduskm of the vessel is no hmger required, the spacer member 194 can be 
ramoved and the puU wire 140 and the seeing mechanism returned to Iheir respective undeployed positions. The 
device can then be removed from the patient. 

Although the principle of using a non-self-expandino mechanism has been ttustrated in FIGS. 1517 with 
respect to deformable ribbons, other non self-eipandingmeebanismi, as ilkistrated h FIGS. 20A-20D. can be employed 
in conjunction whh the brace member 144 and the first and second ring members 148 and 152. For example, 
instead »f using ribbons 1 56. a nDn-seH.expending braided sinicture 200 can be used, in which the braided stmcture 
200 adjoins first and second ring members 148 and 152 and is covered with a membrane 160 to fomi the unit 204 
shown ill FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brece member 144. 
a ouidewire tip 171. a first akmoata member 140 such as a puO wire, a rotatabh handle 180. and a locking member 
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184 to form a d»n, anabeous to tho nl*on4»s«| devie. of RG. 1 5. Altematfeolv. .tte n«el»B«m, can be used 
for mmm the PuJI wire 140. such os 0 handle raanbar 190 and a spacer member 194. 

Otbf non.i!.lf«tpBndino n«hania« »eh as a filter^o modi 208. a dotted tube 212. and cols 216 can 
bo BEQd t. iom imhs 22a 230. and 240 anabgeu, to the boidod etn«ture unit 204 a, ahom in R6S 208 20C 
and 200. Units 220. 230. and 240 can Bhe««a be u.ad to constmct device o«>Iobous t. th» ribb.n4a.ed device 
totratad in FIGS. 15-19. Further, if unit 204 is usad without a menArane. it n»v aasiet b. bbod perfodon if the 
braWed structure 200 is suitaWy constructed. Allemetively. perforated msnbranas Gh. manbrane. 36' of FIG. 68 
may be used to pamtit blood perfusion. Attbeugb th. ribbons 156. the braided structure 200. the filter-ike mesh 
208. the slotted tube 212. and the coils 218 must be activety deployed (0.9. with a pull wire 140). they »e 
neverthidess sinflar to their self-expanding countarparts. 

It should be understood that the scope of the prosent mvention is not be imited by the illustrations or the 
foragotoB description thereof, but rather by tho appended dairo. and certain variations and modifications of this 
invention will suggest tinmsahfea to ens of ordnary sbia in the art. 
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WHAT IS CLfllMfp | «^- 

1 . A dffirice for ocduding a vasodsr segment, conqmsine: 
an eipansion nranAer; and 

m and second elongate mambars, w^tef ein said first dongate nsmber engages said »p«si.n member and 
sa«i second ebngate manber cngoges said first ehmgate m^. said oEponsion member enpanding t. at least 
partnly occlude the »scular segmsnt when one of said ototgato membars h mmi longitudinaBy. 

2. The davin of Claim 1, further cocmmsing o mator-Bl tliat adjoins said expanseon member for 
crssting a seal vtrith tiie vascular aagmant. 

3. Tha device of Claim 2. virfnrm said material does not completely encapsulate said expansion 

member. 

4. The daoica of Claim 1. wherein said expansien manber is a fater-Bce mesh attached to an 
Mentation tm'thin said fnt elongate member. 

5. Tha device of Claim 1. wherein said expansion mamber is in an unnpanded state when it is 
surrounded by said second dongate manber. 

6. ^ Claim Rwharefai said expansion mamber expands «Aen said first eto^^^^ 
is pushed through said second etongate member. 

7. Tha device of ClQon 5, tvherein said expansion msotber is seif-axpandbig. 

8. The device of Claim 7. wherein said self-expanding membsr comprises a member selected from the 
group consisting of a braid, a ceii. a ribbon litte structure, a slotted tube, a phiraity of ribs end a fater-libe mash. 

9. The device of Claim 1. wherein saU second elongate member is also secured to said expansion 

msmiier. 

10. 
retracted. 

11. The device of Claim 9. wherein said expansion membsr comprises a mamber selected from the 
group consisting of a braid, a pturality of eo8s, a ribbenfke stnietura, a slotted tube, and e fiher like mesh. 

12. The device of Claan 9. wherein seid expansion mamber expamis as the rdathre position of said 
firat and second elongale nsmbers chanoas. 

1 3. A method of occhiding a segmsnt withni a vessel conqvisbig: 

inserting first and second elongate mambers into the vessel wrtiarein the first elongete member edfoins en 
expansion member; and 

varying the position of at least ena of the elongate members so that tha expansion membi^ expamis unti 
the vessel is occhided. 

14. Tlta method of Claim 13. in whidi said varying step comprises reuacting one of the elongate 

msmbers. 

15. The msthod of Claim 14, in whidi ssbI retracting ona of the elongate members causes tha 
expansion member to expand. 



The device of Clami fl, wherein said expansion msnber expands as seid first elongate member is 
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16. The msthod of Oaini 14, in wluch tin uponsiBn manSiar Bdtains both obngato manriws, and the 
rdathro position of tho elonfjato msmborg is varied to (npood tho oi|niuion monbor until tho vossoi is oectuded. 

17. m tnsthod of Claim 13. in which said varyinB step compriias pusMng one of tho elooBate 
mart)Bf$ through the other elongate msmiiQr. 

18. Tha method of Claim 13, further comprising: 
pef oiminB a maiccal procedure near tho ocdudsd site; and 

ratrtaviig the ^ongate manibsrs and the expansion memltsr from the vessd. 

19. A method, compreino: 

inserting en expensnn msmber within the vassal: end 

heating the expansion mandnr to cause it to expand untB the vessel is at bast partially occluded. 

20. The method of Claim 19. in which the expansion msmber b comprised of a material selected from 
tho group consisting of beat eetiinted Hitinoi and an iron base shape memory alloy. 

21. The method of Claim 19. in whkh said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Cbbn 19, h «»hieh eeid heatmg the expansion member comprises flowing warm 
sotutioR near the expansion mamfaer to heat up the expansion mamber. 
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